A novel psychrotolerant, Gram-negative, shiny white, curved-rod-shaped, facultatively anaerobic bacterium PB1
(44.6 %) and C 18 : 1 v7cis (16.2 %). The major polyamines are putrescine [54.9 mmol (g dry weight)
"1 ] and 2-hydroxy putrescine [18.5 mmol (g dry weight)
"1
]. DNA G+C content is 62.5 mol%. Strain PB1
T is phylogenetically related to species of the genus Herbaspirillum, with highest 16S rRNA gene sequence similarities to Herbaspirillum canariense (97.3 %), Herbaspirillum aurantiacum (97.2 %), Herbaspirillum soli (97.2 %) and Herbaspirillum frisingense (97.0 %). The DNA-DNA relatedness values were below 30 % between PB1 T and the type strains of Herbaspirillum canariense, Herbaspirillum aurantiacum and Herbaspirillum soli. The different geographical origin of strain PB1 T from its closest phylogenetic relatives resulted in different phenotypic and genotypic specifications, whereby strain PB T represents a novel species of the genus Herbaspirillum, for which the name Herbaspirillum psychrotolerans is proposed. The type strain is PB1 T (DSM 26001 T 5LMG 27282 T ).
The genus Herbaspirillum includes 13 species and two subspecies and belongs to the family Oxalobacteraceae. The type species Herbaspirillum seropedicae was described as a root-associated nitrogen-fixing bacterium by Baldani et al. (1986) with an emended description in 1996 (Baldani et al., 1996) . Isolates of the genus Herbaspirillum were derived from different plant materials (e.g. Jung et al., 2007; Kirchhof et al., 2001) , well water (Ding & Yokota, 2004) and soils (Im et al., 2004) . The most recently discovered species Herbaspirillum canariense, Herbaspirillum aurantiacum and Herbaspirillum soli were isolated from soil in Tenerife (Canary Islands) and the authors added the presence of (slow and low) urease activity and the utilization of several carbon compounds to the genus characterization (Carro et al., 2012) . The isolation and characterization of novel microorganisms from extreme habitats reveals new possibilities in biotechnology, for example in bioremediation or medicine (Nichols et al., 1999) . Several isolates from polar habitats produce cold-adapted enzymes and degrade a wide range of substrates and polymers under extreme conditions, as has been reported for species of the genus Arthrobacter from the Antarctic or species of the genus Cryobacterium from Arctic soil .
During environmental studies of microbial communities in glacier forefields of the Larsemann Hills, East Antarctica, several cold-adapted bacteria were isolated from extremely dry and nutrient-poor soils. In this study, we report the isolation and classification of strain PB1 T .
Strain PB1 T was isolated from a surface soil sample of a glacier forefield transect of the Larsemann Hills, East Antarctica (69 u 249 S 76 u 209 E). The soil material was suspended in a physiological salt solution (0.9 % NaCl, w/ v), plated on R2A medium [0.05 % proteose peptone, 0.05 % casamino acids, 0.05 % yeast extract, 0.05 % glucose, 0.05 % soluble starch, 0.03 % dipotassium phosphate, 0.005 % magnesium sulphate heptahydrate, 0.03 % sodium pyruvate, 1.5 % agar for solid media (w/v); Reasoner & Geldreich, 1985] and incubated at 10 u C for three weeks. A pure culture was derived by separating the colonies from the enrichment culture. The isolated bacteria were cultivated at 18 uC on R2A and nutrient medium (w/v: 0.5 % tryptone, 0.3 % meat extract, for solid media 1.5 % agar, pH 7.2). The same conditions and media were used for all tests, unless otherwise noted.
Colony characteristics were determined visually on agar plates after seven days of bacterial growth. Cell morphology was examined by light microscopy (Axioskop 2 plus; Zeiss) of cells in the exponential growth phase. Gram staining (using a Gram staining set; Merck), spore detection and detection of flagella were carried out by classical procedures as described by Gram, Wirtz and Loeffler, respectively (Schröder, 1991) . The temperature and pH range for growth and salt tolerance were examined visually by checking turbidity and the formation of cell aggregates in liquid nutrient medium over 14 days. For pH determination the medium was buffered with glycine (pH 4.0-5.0 and pH 10.0), MES (pH 5.0-6.5), HEPES (pH 7.0-8.0) and BTP [1.3-bistris(hydroxymethyl)methylamino)propane; pH 8.5-9.5; Hoaki et al., 1994] . Anaerobic growth was tested on nutrient agar plates incubated at 22 u C for 14 days under a N 2 /CO 2 (80 : 20, v/v) atmosphere. Susceptibility to 12 different antibiotics (1 mg ml
21
) and lysozyme (1 mg ml
) was examined by measuring the inhibition areola in a filter disc test. API150 CH and API150 CHB/E medium (BioMérieux) were used to identify acid production from carbohydrates. API150 CH strips and a minimal medium , modified with 0.1 % (w/v) yeast extract, were applied to check for the utilization of carbon compounds as sole carbon sources. The strips were incubated at 18 u C for 14 days and the results were documented daily. The methyl-red test was performed using a glucose containing medium (v/w: 1 % tryptone, 0.5 % NaCl, 1 % glucose-monohydrate) and methylred as indicator. The same medium was used to determine urease activity adding 1 % urea (w/v) as substrate and 1 % ethanolic phenolphthalein solution (Merck) as indicator. Catalase activity was determined by bubble production in a 10 % hydrogen peroxide solution. Oxidase activity was analysed with N,N,N9,N9-tetramethyl-p-phenylenediamine (TMPD) as a redox indicator as described by Kovacs (1956) . Lead acetate impregnated filter strips were used to determine the production of hydrogen sulphide in a modified nutrient medium with 0.1 % sodium thiosulfate pentahydrate. The production of indole from tryptophan could be observed as a red organic phase in tryptophan medium (w/v: 1 % tryptone, 0.5 % NaCl, 0.1 % tryptophan) after adding Kovacs reagent (Fluka). A calcium caseinate agar (Merck) was used to determine the hydrolysis of casein, by observation of clearing zones around colonies in the opaque medium. Starch hydrolysis was analysed by flooding agar plates containing starch [w/v: 2.5 % nutrient agar (DEV), 2 % soluble starch] with Lugol's iodine after incubation. Hydrolysis of gelatin was tested by flooding gelatin agar plates (w/v: 1 % tryptone, 1 % meat extract, 1 % gelatin, 0.5 % NaCl, 1 % agar) with 1 % tannin solution after incubation, in which opaque zones occur in the clear agar for a positive reaction.
Isolation of DNA from strain PB1
T was done using a microbial DNA isolation kit (MoBio Laboratories) according to the manufacturer's protocol. For 16S rRNA gene amplification, general bacterial primers 27F (Lane et al., 1985) and 1492R (Dojka et al., 1998) were used. Sequencing (by GATC Biotech, Konstanz, Germany) resulted in a 1303 bp gene product. Alignments were performed with closely related sequences obtained from GenBank using the integrated SINA alignment tool from the ARB-SILVA website (Pruesse et al., 2007) . After manually checking the alignment using the ARB program (Ludwig et al., 2004) , evolutionary distances were calculated and a phylogenetic tree ( Fig. 1 ) was constructed by using the neighbour-joining method (Saitou & Nei, 1987) with the correction of Jukes & Cantor (1969) and a termini filter that is implemented in the ARB program. To evaluate the tree topologies, a bootstrap analysis with 1000 replications was performed. For strain PB1 T were performed by the Belgian Co-ordinated Collections of Microorganisms (BCCM/LMG, Gent, Belgium). The hybridizations were performed in the presence of 48 % formamide at 43 u C according to a modification (Cleenwerck et al., 2002; Goris et al., 1998) of the method described by Ezaki et al. (1989) Carro et al. (2012) reported similar values of 58 %, 59 % and 59 % DNA-DNA relatedness, respectively. Determination of G+C content of DNA was done by HPLC (Tamaoka & Komagata, 1984) and calculated from the ratio of deoxyguanosine and thymidine according to the method of Mesbah et al. (1989) . The analysis was performed by the Deutsche Sammlung von Mikroorganismen und Zellkulturen (DSMZ; Braunschweig, Germany).
The presence of nitrogenase metalloprotein-encoding genes was analysed using specific primer pairs FdB261/FdB260 (nifD; Stoltzfus et al., 1997) and PolF/PolR (nifH; Poly et al., 2001) . Both nitrogenase genes were amplified from the positive controls Herbaspirillum frisingense DSM 13128 T and Herbaspirillum seropedicae DSM 6445 T , which are known to fix nitrogen (Baldani et al., 1986; Kirchhof et al., 2001) Cells of strain PB1 T were grown in R2A medium (pH 7.2) at 18 u C until they reached the end of the exponential growth phase to analyse fatty acid composition, polyamine pattern, polar lipid profile and the quinone system. Extraction and analysis of fatty acid methyl esters was conducted according to the protocol of Zink & Mangelsdorf (2004 T were treated equally and analysed comparatively. Polyamines were extracted as described by Busse & Auling (1988) , analysed using the HPLC equipment described by Stolz et al. (2007) and applying the slight modification in the gradient as reported by Busse et al. (1997) . Isoprenoid quinones and polar lipids were extracted using the small-scale integrated procedure of Minnikin et al. (1984) . Quinones were analysed by HPLC with a series 1050 (Hewlett Packard) chromatograph equipped with an ODS Hypersil column (Agilent Technologies) and a diode-array detector. Methanol and isopropyl ether (9 : 2, v/v) were used as mobile phase with a flow rate of 1.0 ml min 21 and a column temperature of 30 u C (Hu et al., 1999) . Completely hydrolysed cells were analysed by TLC to detect isomers of 2,6-diaminopimelic acid (Dpm) and of 2,6-diamino-3-hydroxypimelic acid (OH-Dpm) by using the solvent system of Rhuland et al. (1955) and (Schumann, 2011) . T within the genus Herbaspirillum and its relations to type strains of closely related genera of the family Oxalobacteraceae. Open circles indicate branches that were also found in maximum-likelihood trees (Fitch, 1971) ; filled circles indicate branches found in both maximum-likelihood and maximum-parsimony trees (Felsenstein, 1981) . Numbers at nodes indicate bootstrap percentages (Felsenstein, 1985) 21 ]. This polyamine pattern is very similar to that of the type species of the genus Herbaspirillum seropedicae ATCC 35892 T , which has been reported to contain predominantly putrescine and as a second major compound 2-hydroxyputrescine (Hamana & Takeuchi, 1998) .
The polar lipid pattern of isolate PB1
T was characterized by phosphatidylethanolamine, phosphatidylglycerol, diphosphatidylglycerol, two unknown phospholipids (PL1 and PL2) and two unknown polar lipids (L1 and L2; Fig. S1 , available in IJSEM Online). This polar lipid pattern is in accord with those of the type strains of Herbaspirillum soli, Herbaspirillum canariense and Herbaspirillum aurantiacum (I. Orthova & H.-J. Busse, unpublished results) quite similar to close relatives of the genus Herbaspirillum such as Undibacterium pigrum (Kämpfer et al., 2007) and Herminiimonas contaminans (Kämpfer et al., 2012) . The identified quinone was ubiquinone-8 (Q-8). Due to the cell wall composition of Gramnegative bacteria, the amount of peptidoglycan of strain PB1 T was below the detection limit for Dpm or OH-Dpm. Considering morphological, physiological and biochemical differences and comparative phylogenetic analyses (Tables 1,  2 and S1), strain PB1
T can be clearly differentiated from its most closely related neighbours and we propose strain PB1 T Table 1 . Physiological and biochemical characteristics of strain PB1
T and related species of the genus Herbaspirillum Herbaspirillum seropedicae Z67 T (data from Baldani et al., 1996) . +, positive; +/2, weakly positive; 2, negative; ND, not determined. Colonies are circular, smooth, friable convex, shiny, white and about 2 mm in diameter after 7 days of growth on nutrient agar. Cells are Gram-stain-negative, facultatively anaerobic, non-spore-forming, motile, curved rods and about 3.5-4.5 mm in length and 0.8-1.2 mm in width.
Growth was observed between 25 u C and 30 u C, but not at 210 u C or 36 u C. The optimum temperature for growth is 14220 u C. Able to grow at pH values from 4.5 to 8.0 with optimum growth between pH 6.5 and 7.0 and tolerates salt concentrations up to 2.5 % NaCl with slow growth at 2.5 % and optimum growth at 0-0.5 % NaCl. It is sensitive to gentamicin, kanamycin-sulphate, oxytetracycline and rifampicin, but resistant to ampicillin, cephalosporin, erythromycin, metronidazole, novobiocin, penicillin, fosfomycin and troleandomycin and not inhibited by lysozyme. Acid is produced from glycerol, D-arabinose and D-ribose and weakly from L-arabinose and L-xylose (Table S1 ). Alkalinizes potassium gluconate. Glycerol, DLarabinose, D-xylose, D-galactose, D-fructose, D-lyxose, Dfucose and potassium gluconate are used as sole carbon sources. Catalase-positive and oxidase-negative and is able to hydrolyse starch and gelatin but not casein. Methyl-red test is negative and neither indole nor hydrogen sulphide are produced. Urease activity is low. The quinone system contains predominantly ubiquinone Q-8 and the polyamine pattern is dominated by putrescine and 2-hydroxyputrescine. The polar lipid profile contains the major lipids phosphatidylglycerol, diphosphaditylglycerol and phosphatidylethanolamine. Minor amounts of two phospholipids and two polar lipids not containing a sugar moiety, a phosphate or an amino group are present as well (Fig. S1 ). The fatty acid profile is listed in Table 2 .
The type strain is PB1 T (5DSM 26001 T 5LMG 27282 T ), isolated from a soil sample of the Larsemann Hills, East Antarctica. The DNA G+C content of the type strain is 62.5 mol%. 
